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pups throughout lactation and instead cluster around pools of water (Boyd et al. 1962; 16 Anderson et al. 1975; Twiss et al. 2000) . While these different maternal attendance patterns 17 indicate that access to fresh or salt water is important, the explanations offered by Fogden 18 (1971) for such behaviour are not convincing. The use of isolated islands as breeding colonies 19 affords grey seals protection from terrestrial predators, but clustering around small pools 20 (often only large enough to accommodate a single seal) is not an effective way to reduce 21 predation risk. Furthermore, clustering around pools increases local density, which is likely to 22 increase the number of aggressive encounters between conspecifics rather than decrease them. 23 Therefore the reason for the importance of water to lactating grey seals remains unclear. 24 Factors that influence maternal attendance patterns in different environments include 1 energy conservation, thermoregulation and water balance. Beach breeding seals have 2 continual access to a nearby source of water, reached by moving over low elevation land, with 3 a low cost of locomotion. At inland sites, the high cost of travelling to the sea, resulting from 4 locomotion over difficult terrain, interactions with conspecifics and the risk of permanent 5 mother/pup separation, explains why mothers remain with their offspring throughout lactation 6 (Twiss et al. 2000) . Mothers using inland sites normally only use areas that contain pools and 7 have a tendency to use the same areas for pupping year after year (Pomeroy et al. 1994) . 8 However, when water availability is limited, mothers must choose between attendance 9 patterns that favour either direct contact with their pup or access to water, even if this incurs a 10 comparatively long journey. Manipulations of seal breeding habitat are difficult to carry out, 11 but this study took advantage of an atypical weather pattern to conduct a natural experiment. 12 An unusually dry start to the 1998 breeding season on North Rona, Scotland which was 13 followed by a more typical wet period, allowed us to investigate changes in maternal 14 behaviour in response to water availability on the breeding colony. We compared rates of 15 locomotion, time spent with pup and number of suckling bouts for lactating grey seals during 16 consecutive periods where access to freshwater pools was at first restricted and later 17 unrestricted. with the result that pools were extremely scarce and small throughout the breeding colony.
12
About halfway through our study period, the weather returned to normal wet conditions and 13 pools were abundant throughout the colony ( 1) The female was individually identifiable, so that if she travelled to the sea she could be 5 recognised on her return. Very few females were excluded by this criterion alone. 2) The female was observable for the duration of the observation period. Mothers that 7 travelled to the sea were also included in the data set if their pup remained within the 8 study group location, as this allowed us to obtain information about the length of time 9 each female left her pup unattended.
10
3) The female had a live pup. Females that remained in the study group after their pup had 11 died were excluded from the data set as they were not subject to the same constraints as 12 lactating females. Where n = number of movements observed, and t = length of observation period in minutes. Tests of Observer and Location Difference 9
As our main aim involved looking at the difference in locomotion between the dry and 10 wet periods, the data was first divided into two groups (see also 2) observations during the wet period (10 th October to 25 th October, n = 10 observation 13 days).
14 These two groups were tested separately for observer and location difference. Data were not 15 normally distributed and were therefore analysed using non-parametric tests. The statistics 16 package Minitab for windows (version 10.5) was used for all analysis, except for Wilcoxon 17 signed-ranks tests, which were performed according to Sokal and Rohlf (1995) .
18
A series of Mann-Whitney U tests were used to test the standardised data sets 19 collected by each observer. There were no significant differences between the two observers 20 for any category of locomotion, for the number of suckling bouts per hour or for the 21 percentage time spent near to the pup. Therefore the results from the two observers were 22 pooled.
23
Differences between the two study locations were also tested using Mann-Whitney U 24
tests. There were no significant differences within any category during the wet period.
However, during the dry period, the rate of movement (per hour) to local pools was different 1 at the two study group locations (Mann-Whitney U test: U=87, N 1 =12, N 2 =6, P=0.008). This 2 can be explained by differences in the availability of local pools in each study group location.
3
In area 1, two small pools were present throughout the dry period and each female was within 4 10 adult body lengths of one of these pools. In area 2, there were no pools within the study 5 group location. However, a few females at the eastern edge of this area could travel to pools 6 that were within 10 adult body lengths. Movement to pools by the rest of females in area 2 7 involved travelling a greater distance and was classified as long distance locomotion. All 8 other categories of locomotion were similar in the two study locations during the dry period. Data were not pooled for data sets pertaining to the rate of locomotion to local pools, although 10 data were pooled for all other categories of locomotion. Suckling bout rate (per hour) and the 11 percentage time spent with the pup were not significantly affected by study location, and these 12 data sets were also pooled. not significantly affect behaviour.
The process described above, resulted in a data set with n = 19 females during the dry 1 period and n = 34 females during the wet period. Of these, eight females were present in both 2 the dry and wet periods. The behavioural categories for these eight females were analysed 3 separately using Wilcoxon signed-ranks tests to compare paired data (dry period v wet period 4 for each female). The remaining data, which consisted of independent data points (n = 11 5 females during the dry period and n = 26 females in the wet period), were analysed using 6
Mann Whitney U tests (dry period v wet period). All median rates, percentages and interquartile ranges are presented in seasons at the two colonies is sufficient to affect the water requirements of lactating seals. Although differences in pup attendance due to the availability of pools may not necessarily 22 lead to detectable differences in pup growth rates, they may be reflected by less predictable 23 chance events which lead to mother/pup separation, pup injury and even death. pooled for all other comparisons between the dry and wet periods.
